Abstract-The paper conveys experiences and conclusions from the organization of three summer schools aiming at introducing novice users to robotics programming. Issues related to teaching material, teaching approaches, challenges in the classroom and participant's acceptance are all examined in dedicated sections of the paper. The teaching staff's impressions as well as the conclusions drawn from the course evaluation by the participants show that the robots can be successfully employed for introducing novice users, especially schoolchildren, to software development as well as robotic principles.
I. INTRODUCTION
The present paper discusses our experiences from three summer schools organized jointly by the TEI of Ionian Islands, the University of Patras the Piraeus University of Applied Sciences and the Ionian University in 2016 and 2017. The summer schools were held in Argostoli, Cephalonia (2016) and Corfu and Lixouri, Cephalonia (2017) respectively. During the last few years, several efforts are under way in many developed and developing countries with the aim of teaching young children how to code. Good coding skills are considered essential for the economy of the future and countries are trying to prepare early on by introducing related courses in secondary and high school education. On the other hand, teaching software development is especially difficult where young audiences are concerned because most artifacts in software are intangible and thus children cannot easily relate what is conveyed in the classroom with their everyday experience.
The above observation presented a fundamental question that led to the creation of the summer schools project: How one can introduce young children to programming in a direct and understandable manner, obviously without requiring a relevant background in either math or computer science. After spending a significant amount of time researching existing approaches and best practices, it occurred to us that the introduction of a robot as the object of software development can help us to successfully overcome most of the obstacles related to coding skills teaching. The robot is a real-world object, it can interact with students and with the environment and software behavior becomes immediately obvious in the classroom producing tangible results. In addition, a robot adds a playful dimension in the teaching process which very welcome when one interacts with young audiences. Thus, a decision was taken to organize a series of summer schools focusing on software development for robots and using actual robots the hands-on part of the course.
The paper presents the whole lifecycle of the summer schools project from inception to roll-out. Section 2 provides a more in-depth analysis of the usage of robots on science education. Section 3 discusses the rationale behind choosing a robot for teaching purposes. Section 4 details the structure and philosophy of the teaching material. The subsequent section focuses on the classroom and presents what worked and what didn't with respect to the teaching process. Section 6 contains an analysis of the results of the evaluation that was conducted by the students during the last day of each summer school. Finally, Section 7 summarizes the conclusions drawn from our summer school experience.
II. ROBOTICS IN STEM EDUCATION
STEM is a curriculum based program on educating students in four specific disciplines -science, technology, engineering and mathematics -in an interdisciplinary and applied approach. Rather than teaching these four disciplines as discrete subjects, STEM integrates them into a cohesive learning curriculum based on real-world applications, such as robotics. In elementary school, students are still learning with their eyes and handsdrawing, molding, and manipulating objects. They are starting the tough transition to learning by reading, and robots make it possible for them to work through problems visually and experiment with concepts they are learning. The adoption of robotics as a mainstream in STEM education was enhanced by the many international competitions, mostly targeting middle and high school students. They position robotics as a "team sport for the mind" and have been successful in developing excitement for robotics and building teamwork skills [1] , [2] .
The primary objective of educational robotics is to provide the means, usually with an educational robot kit, to facilitate student's development of knowledge, skills and attitudes for the design, analysis and operation in various fields of applications (i.e. industry, home automation, agriculture etc.). In this way, students' interest is excited, keeping highly motivated. The term robot here is used quite broadly and may include articulated robots, mobile robots or autonomous vehicles of any scale. The rigor of the approach can be scaled based on the background of the target audience and may be suitable for students across the entire educational spectrum-from elementary school or graduate programs.
Our approach builds on similar efforts aiming at the same goals, carried out in other countries by other researchers [3] - [5] .
III. CHOOSING ROBOTS
Our approach called for a robot that would be easy to program, having attractive (from a usability viewpoint) but not very complicated functions. The robot would ideally carry a price tag that would be within the financial capabilities of the average Greek family in the case where a student, after completing the course, would like to acquire his/her own robot. One additional requirement was that the robot should not be an off the shelf product therefore the student would be required to assemble it into a final product before being able to use it.
This last requirement indicated that our search should concentrate on locating a suitable robotic kit rather than a full-fledged robot. If one searches the Web for the term "robotic kits" he/she will be confronted with more than 40 different solutions. For the summer schools project, we selected the Makeblock DIY mBot Kit [6] since it addressed all our initial requirements. The mBot comes unassembled and consists of a main board, the chassis, wheels and sensors. It can be assembled into a functional robot by a novice user in less than 10 minutes. Programs developed for the mBot are downloaded via Bluetooth or via a wireline USB connection. Proc Moreover, the mBot had two other very appealing properties. First, it could be programmed with the mBlock programming language which is an extension of Scratch. mBlock provides a visual development environment with an object-oriented approach where one can develop programs for the mBot by customizing and connecting building blocks on the screen. Most children have already some experience with Scratch in their schools. But even those who haven't find it very easy to navigate in the environment and immediately create simple programs by combining the appropriate blocks.
Second, the hardware platform for the mBot is the very popular open source Arduino microcontroller [7] . Thus Arduino can be used as an introduction to the open source approach of software development as well as for fueling future ideas for development in the field of robotics by the students.
IV. COURSE ORGANIZATION
Taking all the above into account, ten (10) mBots were procured for use during the summer schools. An additional robot, the Lego EV3RSTORM [8] was added to our collection for demo purposes with the aim to provide the students with a different approach in robot construction as well as a different programming model compared to the mBot. The number of robots was not a random choice but it represented a conscious decision in the sense that with twenty robots we would be able to a support a classroom of up to twenty students, each with his/her own mBot device (in practice, we also had the chance to employ the pair programming model with two students per robot).
The next challenge was to construct a successful curriculum that abided to our initial principle of requiring little or no prior knowledge regarding robotics and programming in general. After a lot of experimentation, it was decided that each school would be conducted during a 4-day period. The first day would include an introduction to robots as well as an additional introduction to basic computer programming concepts (what is a program, variables and control constructs etc.). Following the introduction, the students would have the chance to assemble the robot, get acquainted with the mBlock programming environment and create simple programs that read and display values from the various mBot sensors.
The second day was based on a more complex program that involved mBot movement in the classroom with exercises like avoiding an obstacle, following a line, staying within a bounded area etc. As soon as the students show that they have the ability to tackle these tasks, they are presented with a more complex problem. They are asked to develop a program that will allow the mBot to navigate in a bounded rectangular elongated area containing obstacles, starting from one side and finishing at the other. This task is presented in the form of a contest, students are informed that their robots will participate in a race the next day and the robot that is the first to finish will be the winner. The remainder of the second day as well as a significant part of the third day is spent in developing and testing this program. The mBot part of the summer school ends with the race. The last day of the school is concerned with the Arduino microcontroller and includes a theoretical presentation followed by a series of simple exercises using the board. Again, each student is given his own Arduino board for carrying out the exercises.
V. EXPERIENCES FROM THE CLASSROOM
Our impression from the three summer schools organized so far has been fairly positive. Indeed, the usage of mBot is very welcome by the students; it helps in engaging them in the course and is always met with anticipation as well as enthusiasm. The visual programming environment and the mBlock programming language have a very smooth learning curve and in a very short timeframe the students are able to tackle the initial exercises. Also, the importance of the mBot race on the third day cannot be stressed enough. Students have the chance to test their code and their robot in a realworld problem, not in isolation, but competing with each other. Everyone is extremely satisfied by taking part in the race regardless of the actual position his/her robot finishes at.
In addition, we must also confess that we were very reluctant regarding the inclusion of a full day devoted to the Arduino microcontroller board taking into account the fact that the majority of students had little or no experience in software development. This was due to the fact that Arduino development involves low level techniques using the C programming language as well as circuitry and electronics manipulation. Despite our fears, the fourth day has been met with great interest in all three summer schools and there were always a percentage of students that were more keen to work with the board than with the mBot and its programming environment.
On the other hand, there were also difficulties worth noting. The main challenge was that the different students obviously had varying skill sets and learning capabilities. When one student was still struggling with the first programming task of the day, some other could already be one or even two tasks ahead. We addressed this challenge by embracing and, instead of waiting for all students to complete a task before the class could proceed to the next, we allowed each student to work at his/her own pace. In order for this degree of freedom to be supported, at least two tutors should constantly be present in the classroom (assuming a class of 20 students). Finally, an additional interesting observation was that a significant number of students have difficulty in understanding the concept of variables and the concept of logical expressions in branching statements. In every class there are always a small number of students that understand these concepts and put them to use almost immediately. The majority however has to be given several examples employing the robot as well as additional real-world examples before acquiring the ability to incorporate these concepts in their programs.
VI. EVALUATION
On the last day of each summer school, students were asked to participate to an online survey regarding the quality of the course. The issues covered were user related data (age, experience in programming / robotics, level of education) and school related questions (clarity of scope, equipment evaluation, teacher's evaluation, the level of skill improvement attained and willingness to attend another summer school in the future). In the following figures aggregate the students' answers from all three summer schools and a qualitative analysis is performed.
Looking at the age of participants (Fig. 2) , we observe that almost half of the students are under the age of 18. Another significant group is those belonging to ages between 19 -35. Finally, a small percentage (slightly over 10%) corresponded to 36 -55 years of age. With respect to experience in programming (Fig. 3) , the three main groups are comprised of students with HTML knowledge, students acquainted with Scratch and students with some experience in HTML, C and Java. Other programming languages are also represented but to a lesser extent. Scratch and HTML are present obviously because they are taught to some extent in Greek primary and secondary education. The majority of the participants are elementary school students, with University students constituting the second most significant batch (Fig. 4) . In regard to the evaluation of the course itself (Fig. 6) , all three main criteria (clarity of scope, equipment, and teachers) were highly evaluated. In addition, most students felt that the summer school helped them to improve their computer programming skills. All four main legs of the course (Theory, mBot, Arduino and Lego) were well received (Fig. 7) . However, Lego lags behind the other three and was the only session that had some students rating it as "Poor". To our defense, we must restate the Lego was more of a demo session that a regular training session in robotics. Since it does not seem to rate well, there are thoughts to exclude it entirely from future summer schools or to organize a 4-day summer school including only Lego programming. Finally, an astounding 80% of the participants expressed their willingness to participate in another robotics summer school in the future. 
VII. CONCLUSIONS
Our journey so far in the world of robotics summer schools has convinced us that robotic kits are an ideal vehicle for introducing novice users, especially schoolchildren, to computer programming. Successful planning represents the most important success factor especially in the areas of selecting a robotic kit, constructing an appropriate curriculum and employing a teaching approach that allows each student to work at a pace that is most convenient for him/her. In our case, this effort paid off, judging from the evaluation results. From the teaching staff's viewpoint, it was a very positive experience as well and we are looking forward to many more robotic summer schools in the future. In particular he has more than 20 years of experience in issues such as performance evaluation of Intelligent Broadband Networks, economictechnical models of telecommunications networks, legal/regulatory framework for telecommunications and information technology, regulatory policy of EU on the development of competition in electronic communications and personal data privacy.
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